Biennial sweetclover was seeded into a Dense Clay Range Site that was severely depleted by drought and overgrazing. Seeded in 1962 without seedbed preparation, sweetclover has reseeded naturally, and remained a compatable associate with the native vegetation during the five-year study. Combined grass and sweetclover production averaged 1804 lb/acre annually compared to 750 for the control. The grass component was increased by an average of 373 lb/acre as a result of legume supplied nitrogen. Western wheatgrass vigor and forage protein were also improved. Native perennial grasses were not reduced in abundance by sweetclover competition. Sweetclover appears well adapted as a legume for rangelands with heavy clay soils in western South Dakota.
Legumes
can provide an important source of nitrogen for associated grasses, enabling a mixed stand of legumes and grass to be much more productive than grass growing alone. In the Northern Great Plains, grass-legume combinations have been used almost exclusively for hay, irrigated pastures, and introduced early spring pastures. With few exceptions, this practice has not been exploited extensively for increasing the productivity of native ranges.
Application of this principle appears to have great potential if suitable legumes are available for rangeland seeding.
It is generally agreed that native legumes were once a more important component of grasslands, but that intensive grazing by domestic livestock has reduced their abundance. Difficulty of establishment plus limited seed sources have restricted efforts to reestablish native legumes. Presently, the introduction of cultivated legumes into native rangelands may offer the more promising approach to increasing forage production by legume association.
Biennial sweetclover (MeGlotus officinalis) is an introduced legume naturalized on many ranges in western South Dakota.
It is very abundant on certain ranges in so called "clover years" when conditions are favorable for germination and growth. Recognition of the value of sweetclover as a rangeland legume could lead to management conducive to its propagation and greater application of this practice.
Seeding sweetclover into native range was one of eight treatments applied in the spring of 1962 to find means of increasing production and accelerating the recovery of range depleted by drought and overgrazing.
Results of this study (Nichols, 1969) indicated that seeding sweetclover into western wheatgrass (Agropyron smithii) range was the most effective treatment attempted for increasing productivity of a Dense Clay Range Site. The sweetclover portion of that study was continued and expanded to more fully evaluate its value as a legume for range seeding and is reported in this paper. has not been reported for these locations. A management program involving sweetclover and alfalfa has been successfully applied by a Montana rancher to increase production on rangeland (Miles, 1967a (Miles, , 1967b (Miles, , and 1967c . l Denotes year of biennial sweetclover plant development: (1) = seedling year; (2) = second year.
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++ =
significantly different (P < 0.01); * = significantly different (P < 0.05); ns = non-significant (P > 0.05). 3 Primarily western wheatgrass with a small amount of green needlegrass.
clover, was consistently greater than grass production from the control. In 1963, sweetclover production was very high and may have offered sufficient competition to lower grass production, especially since the perennial grasses were recovering from a depleted condition.
Even though grass production was lower in 1963, percent frequency data (Table 2) does not indicate that the abundance of perennial grass was adversely affected by sweetclover competition.
Vigor of western wheatgrass, as indicated by periodic seasonal height measurements, was increased by sweetclover association both in 1966 and 1967 (1) = seedling year; (2) = second year of biennial growth habit.
3 ns = non-significant (P > 0.05), ** = significantly different (P < 0.01). ( Fig. 2) . Western wheatgrass plants were more vigorous in the spring and maintained a faster rate of growth, making the date of grazing readiness somewhat earlier.
For example, in 1966, the height of western wheatgrass growing with clover was 22.4 cm (8.8 inches) on May 12 compared to 16.4 cm (6.5 inches) where sweetclover was not present. By the latter part of August, after which very little additional growth occurred, western wheatgrass with sweetclover was 6 cm (2.4 inches) and 11 cm (4.3 inches) taller than the control in 1966 and 1967, respectively.
Color of western wheatgrass grown with sweetclover was noticeably darker green, also indicating an increase in plant vigor. With the exception of later growth initiation in the spring, seasonal growth, time of flowering, and seedset of sweetclover correspond closely to western wheatgrass.
These similarities in phenology are conducive to seasonal grazing management beneficial to both components.
For example, early growing season deferment would benefit the coolseason perennial grass, as well as permit sweetclover seedset, which is necessary for stand maintenance.
Plant protein.
-In 1966, percent crude protein of western wheatgrass was increased by growing in association with sweetclover (Fig. 3) . These differences were evident throughout the growing season and carried into the winter months during plant dormancy.
In 1967 the differences in protein percent were evident early in the growing season but disappeared after June.
Two diverse growing seasons may have influenced these differences. Favorable growing conditions in the spring of 1967 resulting in taller growth form (Fig. 2 ) and higher grass production (Table  1) may have decreased differences in grass protein percentages between treatments.
Increasing soil nitrogen on nitrogen deficient soils whether from commercial sources (Cosper and Thomas, 1961; Burzlaff et al., 1968) or from legumes (Wagner, 1954) has been shown to increase plant protein percentage, but may be influenced by seasonal growing conditions (Johnson and Nichols, 1969) .
From the standpoint of the grazing animal, protein content of western wheatgrass during the early part of the growing season would be adequate regardless of treatment.
The principal advantage of higher grass protein when growing in association with sweetclover was the increased length of time that protein was at an adequate level as the growing season progressed and protein content declined. Of more importance, was the much higher protein percentage of the sweetclover forage throughout most of 1966 and 1967. Percent crude protein of the sweetclover was higher than western wheatgrass protein for both years, even into the winter months when essentially all leaf material had fallen from the sweetclover.
Animals that graze a mixture of sweetclover and grass would be able to maintain a diet more nearly adequate in protein and possibly other nutrients much longer than where the selection is limited to nearly pure stands of western wheatgrass.
A diversified plant cover of different classes of vegetation has been shown to be more desirable from the standpoint of the grazing animals diet than a single forage class (Cook and Harris, 1968) . Weaver and Albertson (1956) stated several reasons why a variety of grasses and other plants in the Great Plains were desirable, including greater yield, longer green feed period, higher nutrient value, and effects of insect damage may be lessened.
Soil nitrogen as determined by the Kjeldahl method (Chapman and Pratt, 1961) was significantly higher (P < 0.01) from plots where sweetclover was grown. Samples (composite of 20 locations within each of four replications) taken from the O-4 inch depth at the end of the 1967 growing season contained 1.11 percent nitrogen where sweetclover was growing, compared to 0.95 percent for the control. Although both values are low, soil nitrogen was consistently higher in all replications and averaged 17 percent more in plots growing sweetclover.
Sweetclover has been used extensively and is well recognized as a "soil builder" for cropland.
It also appears to have value on rangeland as a source of nitrogen for associated grasses, especially in areas where commercial fertilization may not be economically feasible.
Legumes have the advantage of being able to supply nitrogen on a self sustaining basis as long as stands are maintained.
Competition .-Adding an additional component of vegetation such as sweetclover to the existing stands of perennial grass could be expected to offer competition.
However, forage production with the exception of 1963 (Table  l) , percent frequency (Table  Z) , and plant vigor (Fig. 2) of western wheatgrass were all enhanced by the addition of sweetclover.
This essentially indicates that low soil nitrogen limits potential grass performance on this site, and that sweetclover competition was not sufficient to suppress the response from legumesupplied nitrogen.
The addition of sweetclover to the existing vegetation did not replace the perennial grasses or reduce their abundance.
On the contrary, by 1966 and 1967 significant increases (P < 0.01) in percentage frequency of perennial grass were noted for plots where sweetclover was grown in association with grass. There is also some indication that other forbs (primarily weedy invaders) were less abundant where sweetclover was
